Introduction
============

Hereditary non polyposis colorectal cancer (HNPCC; MIM 120435 and 120436) is an autosomal dominantly inherited disorder that predisposes males to an approximate colorectal cancer risk of 80% by 70 years of age and females to a 40% risk of bowel cancer and a 40% risk of endometrial cancer by the same age \[[@B1]\]. The genetic basis of HNPCC has been linked to errors in DNA mismatch repair \[[@B2]-[@B5]\], which leaves a characteristic tumour signature of DNA microsatellite instability (MSI) that can be used as a surrogate marker for this syndrome \[[@B6],[@B7]\].

At least four genes have been associated with DNA mismatch repair and HNPCC and are *hMSH2*, *hMLH1*, hMSH6 and hPMS2; for review see Papadopoulos and Lindblom \[[@B8]\]. Both *hMSH2*and *hMLH1*account for somewhere between 50% and 60% of all families that adhere to the Amsterdam Criteria (3 relatives with colorectal cancer (CRC); one must be a first degree relative of the other two; cross at least two generations; CRC must be diagnosed in one relative under the age of 50 years and familial adenomatous polyposis (FAP) must be excluded). Somewhere between 2% and 20% of HNPCC families defined by the Bethesda Criteria (excluding the Amsterdam Criteria families) are associated with mutations in these two genes \[[@B9]-[@B12]\]. The contribution of hPMS2 and hMSH6 remains undefined, however, on current evidence both hPMS2 and hMSH6 appear to account for approximately 5% of all HNPCC families \[[@B13],[@B14]\].

The remaining 30-40% of Amsterdam Criteria families that do not evidently harbour germline mutations in the genes described either contain exonic or whole gene deletions, cryptic alterations within their coding regions, harbour changes in promoter/enhancer regions or are due to other genes that await identification \[[@B8]\]. The diagnosis of HNPCC families remains problematic for a variety of reasons despite knowledge about the genetic basis of the disease.

The majority of mutations identified to date are determined by genetic amplification strategies using the polymerase chain reaction and thereafter, subsequent analyses of the amplified product. This strategy has been extremely valuable in identifying a large number of mutations that can be clearly associated with disease development. This approach, however, does not identify inframe deletions that potentially remove whole exons or the entire gene nor does it recognise duplications that are capable of either introducing premature stop codons or inserting transcribable coding sequence that culminates in the insertion of nonsense peptide which alters the functional properties of the protein.

Using a new approach, known as multiplex ligation-dependent probe amplification (MLPA), deletion changes can now readily be identified \[[@B15]\]. In this report we have screened 118 probands who either came from families that adhered to the Amsterdam or Bethesda criteria for whole gene or exon deletions in hMLH1 and hMSH2. Our results indicate that hMSH2 deletions are much more frequent in the Australian population compared to hMLH1 deletions and that MLPA is a useful aid in identifying smaller deletions that occur in the proximity of the splice donor and acceptor sites within hMSH2 and hMLH1.

Materials and methods
=====================

Patients and samples
--------------------

All patients enrolled in this study have signed an informed consent document for genetic testing. The patients were from the State of New South Wales or Western Australia, which has a total population of approximately 9 million inhabitants. The centre where the genetic testing was undertaken is a statewide service, which also includes the Australian Capitol Territory.

Patients selected for MLPA testing had been previously diagnosed with cancer and had tested negative for point mutations in hMLH1 or hMSH2 by DGGE or DHPLC analysis. The majority of patients had obtained a positive result for immunohistochemistry staining (i.e. displayed absence of staining for either hMSH2 or hMLH1) and were considered to be prime candidates to harbour deletions within the respective gene. All families fulfilled the diagnostic criteria of HNPCC by adhering to either the Amsterdam 1 or 2 Criteria.

DNA extraction
--------------

All experiments were performed on genomic DNA extracted from blood lymphocytes. DNA was isolated from whole blood using the method described by Miller et al \[[@B16]\] (1988) without modification.

MLPA reaction
-------------

A Multiplex Ligation-Dependent Probe Amplification (MLPA) kit was obtained from MRC-Holland, Amsterdam, the Netherlands. The MLPA method was developed by Schouten et al \[[@B15]\] and uses a probe mixture containing16 probe pairs for hMSH2 and 19 probe pairs for hMLH1 plus 7 control probe pairs. Initially 250 ng of genomic DNA in 5 μl of TE was heated to 95°C for 5 minutes and allowed to cool to 25°C before addition of the hMLH1 and hMSH2 probe mixture and buffer. The solution was reheated to 95°C for 5 minutes followed by overnight hybridisation of the probe at 60°C. The mixture was cooled to 54°C before DNA ligase and buffer were added, followed by ligation at 54°C for 15 minutes and inactivation of the ligase at 98°C for 5 minutes. The ligation products were then amplified with one unlabelled and one FAM-labelled primer using the thermal cycling conditions advised by the manufacturer. Following amplification, 0.75 μl of the PCR reaction, 0.75 μl of deionised water, 0.5 μl of an internal standard (TAMRA-500) and 12 μl of deionised formamide were mixed and incubated at 94°C for 2 minutes. The samples were then analysed on an Applied Biosystems 310 capillary sequencer with a 47-cm capillary and POP4 Genescan polymer. Data for the peak area were exported to an Excel spreadsheet. All peak areas were normalised by dividing each peak area by the combined peak areas of all peaks in that lane. The normalised peak area was then divided by the average normalised peak area of that probe amplification product of all samples. Deletion of an exon for an allele is indicated by the reduction in a relative peak area for that probe amplification product of 30%, while duplication is indicated by an increase in the peak area by 30%.

DNA sequencing
--------------

All single exon deletions were subject to DNA sequencing to determine whether mutations occurred within the MLPA probe binding regions, thereby presenting as an apparent exon deletion. DNA sequencing was performed on a semi-automated sequencing unit (model 310, Perkin-Elmer Applied Biosystems Division, Foster City, CA) according to the manufacturer\'s instructions.

Results
=======

The majority of patients enrolled in this study had had their tumours assessed for the presence or absence of hMLH1 or hMSH2 and this information was used as a guide to examine in detail which gene was most likely to harbour a deletion or duplication. In those instances where no knowledge was available about the offending DNA mismatch repair gene then both genes were interrogated with equal emphasis.

From a total number of patients 18 index cases were identified as having either a deletion or duplication in hMSH2 or hMLH1. By far the greatest proportion of confirmed exonic deletions (11) were identified in hMSH2 (\~61%) with only 2 exonic deletions being identified in hMLH1 (\~11%). Two duplications were observed, one in hMSH2 and the other in hMLH1.

Two apparent exonic deletions were also identified by MLPA, which were due to a 2 base pair deletion (1706-1707delAA) in hMSH2 and a 5 base pair deletion (728-732delATGGT) in hMLH1, respectively. These two changes occurred within the annealing sites of the respective probes used for the assay. A third potential deletion was observed in exon 16 of hMSH2 which could not be readily confirmed by virtue of there being no easily identifiable method of determining the 3\' end of the deletion. Similar to the other two apparent deletions a mutation was identified at position 2635, which was a substitution (C\>G) that was within the annealing site of exon 16 MPLA probe.

Two duplications were identified, one in hMSH2 encompassing exons 9-11 and one in hMLH1 involving exons 4-6. Both of these changes were presumed to disrupt the coding sequence by the introduction of extraneous DNA.

The changes identified in hMSH2 include one whole gene deletion, two probands with exon 8 deleted, eight probands who harboured unique deletions (see Table [1](#T1){ref-type="table"}) and one patient that according to MLPA had an exon 15 deletion. This deletion could not be easily confirmed by an alternative method since it occurs in the most 3\' exon of MSH2 and the presumed breakpoint was not readily identifiable.

###### 

Disease characteristics of the 18 families tested by MLPA

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Family number   CRC Y/N (age in years)   Other cancers Y/N (type and age)   Male/Female   Amsterdam\   Amsterdam\   Bethesda   hMSH2                                                           hMLH1
                                                                                            I            II                                                                                      
  --------------- ------------------------ ---------------------------------- ------------- ------------ ------------ ---------- --------------------------------------------------------------- ---------------------------------------------------------------------------
                                                                                                                                 ex 16 Intronic substitution at splice site                      

                                                                                                                                                                                                 

  1               Y (49)                   N                                  F             Y            N            N          position -2635-3 C\>G                                           

                                                                                                                                                                                                 

  2               Y (47)                   N                                  M             N            N            Y          ex 1-2 del                                                      

                                                                                                                                                                                                 

                                                                                                                                 Apparent ex 11 del due to 1706-1707 delAA (Stop at codon 570)   

                                                                                                                                                                                                 

  3               N                        Y (Ampulla Ca 52)                  F             N            Y            N          exs 2-12 del                                                    

                                                                                                                                                                                                 

  4               Y (46, died 50)          N                                  F             N            N            N          (whole gene)                                                    

                                                                                                                                                                                                 

  5               N                        Y (Endometrial \>40)               F             Y            Y            Y          exs 7-8 del                                                     

                                                                                                                                                                                                 

                                                                                                                                                                                                 Apparent ex 9del due to 728-732del ATGGT (codon 243 -\> Stop at codon 305

                                                                                                                                                                                                 

  6               Y (50)                   N                                  F             N            N            N                                                                          

                                                                                                                                                                                                 

  7               Y (43,45)                N                                  M             Y            Y            Y          exs 9-14 del                                                    

                                                                                                                                                                                                 

  8               Y (25, 48, 59)           Y (Gastric 55)                     F             Y            Y            Y          ex 8 del                                                        

                                                                                                                                                                                                 

  9               Y (Unknown)              N                                  M             Y            Y            Y                                                                          exs 1-2 del

                                                                                                                                                                                                 

  10              Y (45, died 48)          N                                  F             N            Y            Y          exs 1-7                                                         

                                                                                                                                                                                                 

  11              Y (\>50)                 Y (Cervical Ca 38)                 F             N            N            N          exs 1-2                                                         

                                                                                                                                                                                                 

  12              Y (18)                   N                                  F             N            N            N          exs 11-16                                                       

                                                                                                                                                                                                 

  13              Y (45, 46)               N                                  M             Y            Y            Y          exs 5                                                           

                                                                                                                                                                                                 

  14              Y (41, 41)               N                                  M             Y            Y            Y                                                                          exs 7-11 del

                                                                                                                                                                                                 

  15              Y                        N                                  M                                                  exs 9&10                                                        

                                                                                                                                                                                                 

  16              N                        Y (Ovarian & Endo 46)              F             N            Y            Y          ex 8 del                                                        

                                                                                                                                                                                                 

  17              Y (34)                   N                                  M             Y            Y            Y                                                                          exs 4 to 6 dup

                                                                                                                                                                                                 

  18              Y (70)                   N                                  F             N            N            N          ex 9 to 11 dupl.                                                
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

The two remaining exonic deletions in hMLH1 included a deletion of exons 1 and 2 in one patient and a deletion of exons 7 to 11 in a second unrelated patient.

The disease characteristics of the patients harbouring deletion mutations are shown in Table [1](#T1){ref-type="table"}. The majority of patients (83%) were diagnosed with colorectal cancer under the age of 50 years and there were three patients diagnosed with extra-colonic disease (two endometrial cancers and one ampulla of Vater carcinoma). The family histories of disease were similar to that expected from HNPCC and the average age of confirmed colorectal cancer was 44.8 years, which was not significantly different to patients diagnosed with other types of mutation in either hMSH2 or hMLH1 \[[@B17]\]. There were 101 cases of cancer reported in the families of which 93 could be accurately identified. From the 93 reported cancer cases there were 65 cases of colorectal cancer, 11 cancers of the reproductive tract (both endometrial and ovarian cancers), 6 breast cancer cases, of which four occurred at an unusually early age and an assortment of unusual cancers that have been found to be over-represented in HNPCC families, including cancers of the central nervous system, bile duct, stomach and kidney.

Discussion
==========

The identification of deletion mutations has traditionally been difficult as it entailed the use of Southern Blotting. Since the introduction of the multiplex ligation-dependent probe amplification assay the identification of deletion and duplication mutations has become considerably easier. Accurate estimates of the frequency of whole exon deletions or duplications in HNPCC can now be addressed and in our experience we believe that these types of mutation may account for up to 15% of all mutations identified in the Australian HNPCC population. In the population used in this report exonic deletions or duplications of hMSH2 occurred with a significantly greater frequency compared to hMLH1 which is in agreement with the findings of Gille et al \[[@B18]\], Taylor et al \[[@B19]\], Charbonnier et al \[[@B20]\] and Bunyan et al 2004 \[[@B21]\] who identified primarily hMSH2 deletion/duplication mutations.

The MLPA assay appears to be an extremely valuable screening tool prior to a more extensive mutation analysis as it not only identifies exonic deletions/duplications but is also capable of identifying point mutations that lie in the region of probe binding or ligation. When point mutations occur within these regions the resulting dosage appears as an apparent loss of the respective exon. In our experience, if the MLPA assay reveals a single exon deletion it should be confirmed by sequencing the entire segment of DNA including both primer-binding sites. By undertaking this strategy we were able to identify small deletions in three patients, which were all deemed to be causative as they were predicted to interfere with exon splicing.

When examining the family profiles of patients harbouring deletion or duplication mutations against families that harboured causative missense or nonsense mutations little difference between the disease characteristics could be observed. In total there were 104 cancers identified in 18 families and the average age of colorectal cancer diagnosis was 44.8 years compared to that observed in our previous study (45.77 years for hMSH2 mutation carriers and 47.16 for hMLH1 mutation carriers). All patients had a family history of disease indicating that these changes were not *de novo*. In addition to colorectal cancer, there was an over-representation of endometrial cancer (13 cases), followed by CNS tumours (3 cases), renal tract cancers (3) and a variety of other cancers present in 2 or less patients. Interestingly, breast cancer was also represented in this set of families with an average age of diagnosis being 50 years. Within this group, however, there were two elderly patients; one case was most likely to be a phenocopy (and could not be tested) as she was 82 years of age and the other one who was diagnosed with breast cancer at the age of 70 after having been diagnosed with colorectal cancer at the age of 63 years. All the other cases of breast cancer were diagnosed under the age of 50 years.

There were two duplications identified in this study, one in hMSH2 and the other in hMLH1. There did not appear to be any difference between those families found to harbour duplications in either hMSH2 or hMLH1 compared to families that harboured deletions in either of these genes. The numbers of patients precluded any statistical analysis.

In summary, there does not appear to be any overall difference in the disease profiles observed in families that harbour exonic deletions compared to those that have been shown to be associated with nonsense or causative missense changes. MLPA appears to be an extremely useful screening method that can identify up to 15% of the mutations that occur in HNPCC families.
